ABSTRACT: For 2 grazing seasons, effects of pasture size, stream access, and off-stream water on cow distribution relative to a stream were evaluated in six 12. [R]) were alternated between pasture sizes every 2 wk for 5 consecutive 4-wk intervals in each grazing season. Small and large pastures were stocked with 5 and 15 August-calving cows from mid May through mid October. At 10-min intervals, cow location was determined with Global Positioning System collars fitted on 2 to 3 cows in each pasture and identified when observed in the stream (0-10 m from the stream) or riparian (0-33 m from the stream) zones and ambient temperature was recorded with on-site weather stations. Over all intervals, cows were observed more (P ≤ 0.01) frequently in the stream and riparian zones of small than large pastures regardless of management treatment. Cows in R pastures had 24 and 8% less (P < 0.01) observations in the stream and riparian zones than U or UW pastures regardless of pasture size. Off-stream water had little effect on the presence of cows in or near pasture streams regardless of pasture size. In 2011, the probability of cow presence in the stream and riparian zones increased at greater (P < 0.04) rates as ambient temperature increased in U and UW pastures than in 2010. As ambient temperature increased, the probability of cow presence in the stream and riparian zones increased at greater (P < 0.01) rates in small than large pastures. Across pasture sizes, the probability of cow presence in the stream and riparian zone increased less (P < 0.01) with increasing ambient temperatures in R than U and UW pastures. Rates of increase in the probability of cow presence in shade (within 10 m of tree drip lines) in the total pasture with increasing temperatures did not differ between treatments. However, probability of cow presence in riparian shade increased at greater (P < 0.01) rates in small than large pastures. Pasture size was a major factor affecting congregation of cows in or near pasture streams with unrestricted access.
Impacts of grazing cows on riparian areas are likely related to the amount of time cows spend within the area (Agouridis et al., 2005; Haan et al., 2010) . Restricting stream access to stabilized sites in continuously stocked pastures or limiting stream access to a riparian paddock in rotationally stocked pastures reduced the proportion of time that cows were in or near pasture streams compared to continuously stocked pastures with unrestricted stream access (Haan et al., 2010; Schwarte et al., 2011) . Although Rigge et al. (2013) found that off-stream water at distances of 200 to 1,250 m from a stream was optimal to maintain live standing vegetation in ephemeral stream channels in western rangelands, the efficacy of offstream water on the temporal/spatial distribution of cows is inconsistent (Porath et al., 2002; Byers et al., 2005; Schwarte et al., 2011) . In a study on 5 farms, Bear et al. (2012a) observed that pasture size, shape, and shade distribution had affected the proportion of time that grazing cows were in or near pasture streams with unrestricted stream access. These physical characteristics may impact the effectiveness of practices used to alter the temporal/ spatial distribution of grazing cows.
Therefore, a study was conducted to evaluate the effects of pasture size on the influence of providing off-stream water or restricting stream access to stabilized crossings on the amount of time beef cows spend in and within 33 m of streams in midwestern cool-season grass pastures.
MATeRIAlS AnD MeThoDS
All procedures for animal use in this experiment were reviewed and approved by the Institutional Animal Care and Use Committee at Iowa State University (protocol number 3-07-6325-B).
Treatments
Six adjoining 12.1-ha cool-season grass pastures at the Iowa State University Rhodes Research Farm (Chariton, IA; 42°00′ N, 93°25′ W) were used during the 2010 and 2011 grazing seasons. Pastures were not fertilized or mowed during or at least 6 yr before the experiment. A 141-m segment of a perennial flowing stream bisected each pasture, which contained a mixture of smooth bromegrass (Bromus inermis L.) and reed canarygrass (Phalaris arundinacea L.) with lesser amounts of tall fescue [Lolium arundinaceum (Schreb.) Darbysh.], Kentucky bluegrass (Poa pratensis L.), and legumes.
In 5 consecutive 4-wk intervals, cows were assigned to treatments of unrestricted stream access without offstream water (u), unrestricted stream access with offstream water (uW), or stream access restricted to a stabilized stream crossing (R) at pasture sizes of 4.0 (small) or 12.1 (large) ha (Fig. 1) . To duplicate treatments within each pasture size in each 4-wk interval, pasture sizes within each treatment were assigned to a pasture for 2 wk and switched the following the 2 wk. Cows in small pastures were limited to pasture lowlands (the stream and 2.0 ha on either side of the stream) by temporary electric fence. Cows in large pastures were allowed access to both the lowlands and uplands (4.0 ha on either side of the stream beyond the lowlands) of the pasture. By limiting cows in small pastures to lowlands, the average distance to the stream was reduced compared to large pastures, thereby confounding pasture size with distance from the stream.
For U treatments, cows were not allowed access to off-stream water in pastures 1 and 4 in 2010 and 2 and 5 in 2011 by installing plywood covers over water tanks. In UW pastures, an off-stream water source was provided as tanks with floats at average distances (mean ± SD) of 129 ± 43.7 and 270 ± 64.3 m from the stream in small and large pastures, respectively. In R pastures, stream access to the cows was restricted to an access site consisting of a 4.9-m-wide ramp that was stabilized in and to 11.3 m on either side of the stream by a geofabric base covered with 15.2-cm-deep polyethylene webbing (Presto Geosystems, Appleton, WI) that was filled with crushed rock (Haan et al., 2010) . Cows were not allowed access to the streamside buffer (approximately 0.91 ha) with a width of approximately 33 m on either side of the stream.
In 2010, the effects of the greater proportion of total pasture shade in the riparian zone of UW (pastures 2 and 5) than U (pastures 1 and 4) treatments seemed to supersede the effects of off-stream water (Table 1) . Therefore, to evaluate the effects of off-stream water on cow distribution without the effect of shade, U and UW treatments were switched between pastures with unrestricted stream access from 2010 to 2011. However, because the stabilized stream crossings were permanent, it was not possible to rerandomize R pastures in 2011.
Sixty August-calving Angus cows (Bos taurus L.; initial BW [mean ± SD] 592 ± 45 and 585 ± 73 kg in 2010 and 2011) were blocked by age and weight and randomly assigned to large or small R, U, or UW treatments and placed in the corresponding pastures on May 18 in both years. Small and large pastures were stocked with 5 and 15 cows, respectively. As precipitation during the study was 767 and 278 mm in 2010 and 2011, respectively, stream flow in interval 4 of 2011 was too low to support the water needs of the cows. As a result, data from interval 4 in 2011 were not included in the statistical analysis. To monitor the impact of management strategies on forage availability, sward height was measured with a falling plate meter. Cows were provided a P-free mineral (Ca maximum 30% and minimum 25%; NaCl maximum 19.4% and minimum 16.2%; Mg 1.0%; K 0.5%; Cu 1,000 mg/kg; Mn 3,750 mg/ kg; Se 24 mg/kg; Zn 3,750 mg/kg; vitamin A 550,000 IU/ kg; vitamin D 3 220,000 IU/kg; and vitamin E 880 IU/kg; Kent Feeds Inc., Muscatine, IA) ad libitum in feeders located at approximately the same distances as the off-stream water sources in all pastures within a size treatment.
Pasture Characteristics
To monitor the effects of pasture forage characteristics on cow distribution, forage sward heights were measured with a falling plate meter (4.8 kg/m 2 ; Haan et al., 2007) at 16 sites within the lowlands and uplands in each pasture at the beginning and end of each 2-wk period in both years. In 2010, forage was hand clipped at a height of 2.5 cm from a 0.25 m 2 square at 16 sites within the lowlands and uplands of each pasture at the beginning of each 4-wk interval to determine forage nutritional value.
Laboratory Analysis
Forage samples were dried at 65°C for 48 h, weighed, ground through a 1-mm screen using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA), and subsampled for laboratory analysis. Forage CP was calculated as 6.25 times the total Kjeldahl N (AOAC, 1990). To determine IVDMD, forage subsamples were incubated for 48 h with ruminal fluid from a fistulated steer fed a grass hay diet, and the NC-64 buffer followed by a 24-h in- cubation with a HCl-pepsin solution (Tilley and Terry, 1963 , as modified by Barnes and Marten, 1979) .
Cow Distribution
Collars with Global Positioning System (GPS) receivers, designed and built by the Engineering Services Group of Ames Laboratory (U.S. Department of Energy, Ames, IA), were fitted on 2 to 3 cows per pasture to record cow position at 10-min intervals over 24 h/d for 14 d during each 2-wk period. One cow was removed from the study because of aggressive behavior in 2011; however, all other cows fitted with collars were not changed within each year of the study. At the end of each 2-wk period, collars were removed and data were downloaded and evaluated for the integrity of GPS receivers. Batteries in each collar were replaced, collars were placed back onto each cow, and cows were returned to the assigned pastures.
Differential correction of the GPS data was not possible as collars only recorded date, time, and position. However, in 2010, collar accuracy was tested by placing collars on wooden stands at locations marked by a Real Time Kinematic (RTK)-GPS unit (Agouridis et al., 2004) for 139 consecutive hours in an open field. After testing, 91, 75, and 54% of positions recorded by the GPS collars were within 10, 5, and 3 m, respectively, of the RTK-GPS marked position (Schwarte et al., 2011) .
Data points from GPS receivers were processed using ArcGIS 10.1 (ESRI, Redlands, CA) and aerial maps (Iowa State University Geographic Information Systems Support & Research, Ames, IA). Erroneous positions (<4% of total) including positions recorded greater than 15 m outside pasture boundaries and while cows were traveling between pastures and working facilities were not used in the distribution analysis. To determine cow location in relation to the pasture stream and shade, stream (0-10 m from the center of the stream), riparian (0-33 m from the center of the stream), and shade (within or 10 m from tree drip lines) zones were created in each pasture as geographic information system buffers using ArcGIS 10.1.
Microclimate Measurements
Weather data were recorded at 10-min intervals during the grazing season with 2 HOBO weather stations (Onset Comp. Co., Bourne, MA) located near the center and west of the study pastures. Weather data included ambient temperature (Temp) and black globe temperature (BGTemp), relative humidity (Rh), dew point, wind speed (WS), and precipitation. A temperature-humidity index (ThI; Mader et al., 2006) , black globe temperature-humidity index (BGThI; Mader et al., 2006) , and heat load index (hlI; Gaughan et al., 2008) were calculated for each 10-min interval as 
Statistical Analysis
Sward height, change in sward height within period, and forage quality data were analyzed with the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Pasture was considered the experimental unit in all analyses. As previously discussed, data analysis did not include interval 4 from 2011. Forage sward height and change in sward height within each 2-wk period was analyzed with a model that included a repeated subject effect of pasture and random effects of year, interval × year, and period nested within interval × year. Fixed effects included interval, pasture size, management treatment (U, UW, and R), location (lowland and highland), and interactions of interval × pasture size, interval × management treatment, pasture size × management treatment, interval × management treatment × pasture size, pasture size × location, management treatment × location, management treatment × pasture size × location, and interval × pasture size × grazing treatment × location. As forages were sampled only once per 4-wk interval in 2010, concentrations of CP and IVDMD in forage were pooled by pasture size and analyzed with a model that included a repeated subject effect of pasture and main effects of interval, management treatment, location, and interactions of interval × management treatment, interval × location, management treatment × location, and interval × management treatment × location. Because of small differences in forage composition between management treatments and locations, forage samples were not collected in 2011. Forage sward height and composition data are reported as least square means.
Cow distribution, calculated as the proportion of total observations that cows were in the stream or riparian zones, was analyzed with the PROC GLIMMIX procedure of SAS and a model that included random effects of pasture, year, interval × year, and period nested within interval × year. Fixed effects included management treat-ment (U, UW, and R), pasture size, interval, and the interactions of pasture size × management treatment, interval × pasture size, interval × management treatment, and interval × management treatment × pasture size. Furthermore, covariates included shade within 10 and 33 m of the pasture stream as a percent of total pasture shade for analysis of observations within the stream and riparian zones, respectively. Differences between least square means with significant treatment effects were determined by the PDIFF procedure of SAS. Distribution data are reported as least square means.
Ambient temperature, BGTemp, THI, BGTHI, and HLIBG data were paired with cow positions to determine the impact of microclimate on cow distribution in 2010. For each 1 unit increment of each microclimatic variable (Temp, BGTemp, THI, BGTHI, and HLI), the numbers of observations recorded in the stream, riparian, total pasture shade, or shade within the riparian zone were divided by the total number of observations at that temperature (1°C) or index unit (1 index unit) increment to determine the probability of a cow being in that zone at that microclimatic variable increment. Based on the Quasilikelihood under the Independence Model Criterion (QIC) of the PROC GENMOD procedure of SAS from 2010 data, Temp provided the model of best fit for the increase in the probability of cow presence in the stream, riparian, and shade zones. As a result, Temp in 2010 and 2011 were used to determine the probability of cow presence in stream, riparian, and shade zones. The probability of cows being in a zone at each microclimate increment was used to calculate an odds ratio with the binomial function of the PROC GENMOD procedure of SAS. A linear predictor was determined from the odds ratio curve based on a logit scale. Differences between linear predictors were determined with the PDIFF function of LSmeans with a repeated subject effect of pasture nested within year and a model that included fixed effects of year, pasture size, and management treatment and interactions of pasture size × management treatment, pasture size × year, management treatment × year, and pasture size × management treatment × year.
ReSulTS

Ambient Temperature and Pasture Characteristics
In June 2010, the mean monthly Temp, measured with on-site weather stations, was 3.5°C higher than the 30-yr average at a weather station in Des Moines, IA (Fig. 2) . However, mean monthly Temp in July, August, September, and October 2010 were 0.5 to 2.0°C less than the 30-yr average. Similarly, in 2011, the mean monthly Temp in May, June, August, and September were 1.0 to 4.1°C lower than the 30-yr average.
Across all pasture treatments and sizes, the mean forage sward heights were 26.3, 23.4, 19.2, 14.4, and 9.1 cm in intervals 1, 2, 3, 4, and 5 (P < 0.05). Mean sward height was lower (P < 0.01) in R than U and UW pastures (Table 2) , possibly because 0.91 ha of the area of the R pastures was in the ungrazed riparian buffers. Similarly, mean sward heights were lower (P < 0.01) in large than small pastures and in the lowlands than the uplands of pastures. However, there were no interactions between pasture treatments, sizes, locations, or intervals. Forage removal, estimated by sward height at the start and end of each period, did not differ between pasture treatments or sizes across intervals. However, while estimated forage removal did not differ between treatments in small pastures, estimated forage removal was greater from large U pastures than large R pastures (treatment × size, P < 0.05). In 2010, mean IVDMD and CP concentrations of the forage were 53.9 and 11.0, 45.8 and 8.2, 43.6 and 8.3, 38.7 and 9.6, and 39.8 and 10.8% in intervals 1, 2, 3, 4, and 5 (P < 0.05) across pasture size, treatments, and locations. However, over all intervals, there were no main effects or interactions of pasture size, treatment, or location on forage IVDMD or CP concentration. The lack of pasture treatment × size interactions on forage sward height and composition implies that any effects that the switchback design used in this experiment had on forage mass and nutritive value had minimal effects on cow distribution.
Pasture Size and Management Effects on Cow Distribution
Across pasture treatments, there were greater (P < 0.01) proportions of cow observations in the stream (Fig. 3A) and riparian (Fig. 3B ) zones in small than large pastures. The effects of pasture size on the proportion of cow observations in the stream and riparian zones were greater in interval 3 than other intervals (interval × size, P < 0.05). Although there were no differences in the proportion of cow observations in the stream (Fig. 3A) and riparian (Fig. 3B ) zones between the U and UW treatments in large pastures, cows in small UW pastures had a greater proportion of observations in the stream and riparian zones than cows in small U pastures (treatment × size, P < 0.05). Across pasture sizes, the proportion of cow observations in the stream (Fig. 3A) and riparian (Fig. 3B ) zones in R pastures was less (P < 0.01) than U and UW pastures.
Likely because of the lower average temperature range in 2011 than 2010, the probability of cow presence in the stream and riparian zones increased (P < 0.04) at greater rates in 2011 than 2010 over the temperature range in pastures with unrestricted stream access at both sizes (data not shown). As temperature increased across years, the probability of cow presence in the stream (Fig. 4A) and riparian (Fig. 4B ) zones increased at greater (P < 0.01) rates in small than large pastures with unrestricted stream access. Compared to cows in small U pastures, the probability of cow presence in the stream (Fig. 4A) and riparian (Fig. 4B ) zones increased at greater (P < 0.01) rates in small UW pastures as temperature increased. However, there were no differences in the probability of cow presence in the stream (Fig. 4A) and riparian (Fig. 4B ) zones as temperature increased between large U and UW pastures. Within large and small treatments, the probability of cow presence in the stream (Fig. 4A ) and riparian zones (Fig. 4B ) of U and UW pastures increased at greater (P < 0.01) rates over the temperature range than R pastures. Furthermore, the probability of cow presence in the stream ( Fig. 4A ; P < 0.07) and riparian ( Fig. 4B ; P < 0.02) zones of small R pastures increased at greater rates than large R pastures as temperature increased.
Previous studies have implicated that riparian shade may affect the presence of cows in riparian zones (Franklin et al., 2009; Bear et al., 2012a) . However, the effects of pasture size on this relationship have not been well studied. Although there was no difference between treatments in the probability of cow presence in shade throughout the pasture as temperature increased (Fig. 5A) , the probability of cow presence in riparian shade in treatments with unrestricted stream access increased at a greater (P < 0.01) rate in small than large treatments (Fig. 5B) .
DISCuSSIon
Grazing cows congregating in or near pasture streams to meet needs for thirst, hunger, and thermoregulation Size ( 2 Locations were the lowlands (the stream and 2.0 ha on either side of the stream) and uplands (4.0 ha on either side of the stream beyond the lowlands). The uplands were not grazed when the small size was assigned to a pasture. may increase the risk of water quality degradation in Midwest pastures and western rangelands by reducing vegetative cover and increasing fecal deposition in the streams and surrounding riparian areas (Bailey, 2005; Vidon et al., 2008; Schwarte et al., 2011) . Previous studies have shown that cows were observed more often in and near the stream as ambient temperatures increased (Franklin et al., 2009; Haan et al., 2010) . However, management strategies including restricted stream access or rotational stocking have reduced the concentration of cattle near pasture streams resulting in less risk to water quality (Agouridis et al., 2005; Schwarte et al., 2011) . Although management strategies have been the subject of many studies, relatively few considered the impact of pasture size on these strategies. Similar to the results of an on-farm, nonreplicated study with pastures of varying sizes and shapes by Bear et al. (2012a) , as the percentage of total pasture area within 33 m of the stream in pastures with unrestricted access increased, cows were observed more often in and near the stream in the present controlled study. Combining the results of these 2 studies, the mean proportions of observations that cattle were within the riparian zones of pastures over the grazing season were related to the proportion of pasture in the riparian zone by the regression Y = 0.692x + 5.95 (R 2 = 0.52), in which x = the proportion of the pasture within 30 or 33 m of the stream (Fig. 6) .
However, pastures on Farm C of Bear et al. (2012a) were grazed by well-managed rotational stocking and appeared to contain a greater proportion of the legume red clover (Trifolium pratense L.) than other farms in that or the current study. These factors may have reduced the proportion of cow observations in and near the stream in comparison to the proportion of total pasture area within the riparian zone. If data from Farm C of Bear et al. (2012a) This regression may be used to predict the proportion of time that cows would be in the riparian zones in pastures of different shapes and sizes.
The probability of cow presence in and within 33 m of the stream increased at a slower rate as Temp increased in large than small pastures in this study. The effect of larger pastures on cow distribution likely resulted from a greater proportion of grazing land being farther from the stream. The available grazing land at a greater distance from the stream likely provided shaded areas with greater wind exposure than areas close to the stream (Bailey, 1996; Launchbaugh and Howery, 2005) . Furthermore, the average distance to the stream from recorded cow observations was (mean ± SD) 189.0 ± 33.3 and 61.3 ± 8.2 m in large and small pastures, respectively, potentially increasing the energy expenditure required for cows to walk to the stream in large compared to small pastures.
In addition to increased pasture size, the presence of cows near the pasture stream was further reduced throughout the grazing season by restricting stream access to stabilized crossings. Although effective at both pasture sizes, the proportion of cows spending time in the riparian zone in pastures with restricted compared to unrestricted stream access was 3 times less in small compared to large pastures. Therefore, because of greater risk for a reduction in water quality as cattle spend more time near a pasture stream (Belsky et al., 1999; Haan et al., 2010) , restricting stream access to stabilized crossings is likely to be more effective at improving water quality in pastures with a larger proportion of grazing land close to a pasture stream.
In previous studies, both forage quantity and quality in western grazing lands (Wells, 2003; Ganskopp and Bohnert, 2009 ) and off-stream water (Godwin and Miner, 1996; Sheffield et al., 1997) influenced cow distribution and impacts on water quality in pasture streams. Although differences in forage sward height within pasture size, management treatment, and location may have impacted cow distribution, differences in forage quality were inadequate to influence cow distribution. Furthermore, compared to the present study, differences in sward heights and forage quality between the riparian and upland zones in western grazing lands are likely much greater due to differences in precipitation and soil type (Sala et al., 1988; Rinehart, 2006) .
Similar to the effect of forage quality, there was no effect of off-stream water on cow distribution in the present study. However, the effects of off-stream water on cow distribution in previous studies are inconsistent (Franklin et al., 2009; Schwarte et al., 2011; Kaucner et al., 2013) Shade is used by cows to reduce exposure to solar radiation and reduce body temperature during high ambient temperatures (Blackshaw and Blackshaw, 1994; Tucker et al., 2008) . Similar to previous studies (Franklin et al., 2009; Haan et al., 2010) , as temperature increased, cows had more observations under or near pasture shade in the present study. However, riparian shade is in close proximity to running water, which can also assist with thermoregulation at high ambient temperatures (Belsky et al., 1999) . In the present study, the probability of cows spending time in the riparian shade increased at a greater rate in small compared to large pastures (Fig. 5) . Similar to the reduced probability of cow presence near pasture streams, the reduced probability of cows using riparian shade in large than small pastures may be associated with lower energy expenditure for walking and greater exposure to air movement for cows present under upland shade (Bailey, 1996; Launchbaugh and Howery, 2005) .
Along with management practices and pasture characteristics, the annual variability in environmental conditions may also have a significant impact on cattle distribution. Compared to 2010, in 2011 temperatures in interval 3 were an average of 2.6°C warmer and the daily temperature range was 10.5°C lower, which corresponded with 17.4 and 10.0% increases in cow observations in the riparian zone of small and large pastures, respectively. The increased temperature and reduced temperature range likely reduced the ability of the cows to cool at night and increased the observations of cows in the riparian zone seeking relief from the heat (Mader et al., 2006) .
In conclusion, fencing required to physically limit cow access to pasture streams and reduce the risks of cows impacting stream water quality would be most effective in pastures with a greater proportion of grazing land near the pasture stream. 
